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3UHVHQW�KHOL[�LQWURGXFHG�LQ�0D\�����3UHVHQW�KHOL[�LQWURGXFHG�LQ�0D\�����

)LJXUH����&RPSDULVRQ�RI�WKH�GHVLJQ�SURWRQ�KHOL[��VROLG�OLQHV��ZLWK�
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6LWXDWLRQ�DIWHU�&�6LWXDWLRQ�DIWHU�&� /DPEHUWVRQ/DPEHUWVRQ PDJQHWV�UHPRYDOPDJQHWV�UHPRYDO
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6LWXDWLRQ�DIWHU�&�6LWXDWLRQ�DIWHU�&� /DPEHUWVRQ/DPEHUWVRQ PDJQHWV�UHPRYDOPDJQHWV�UHPRYDO
¾ 3URWRQ�OLIHWLPH�QRWLFHDEO\�LPSURYHG
¾ $WWHPSWV�WR�IXOO\�PDWHULDOL]H�WKH�DGYDQWDJH�RI�WKH�LQFUHDVHG�SK\VLFDO�DSHUWXUH�KDYH�QRW�VXFFHHGHG�VR�IDU
¾ 2Q�WKH�FRQWUDU\��a��PRQWKV�DJR�ZH�KDG�WR�5('8&(�WKH�VHSDUDWLRQ�E\�ORZHULQJ�YROWDJH�RQ�DOO���VHSDUDWRUV�E\���
¾ 3RVVLEOH�UHDVRQV�IRU�WKH�IDLOXUH�WR�RSHQ�WKH�KHOL[�PRUH��

� 3UHVHQFH�RI�VWURQJO\�QRQOLQHDU�HOHPHQWV�LQ�WKH�ODWWLFH�² QRZ�WKH�DSHUWXUH�OLPLWDWLRQV�DUH�PRVWO\�G\QDPLF��DV�VHHQ�IURP�WKH�GHSHQGHQFH�RQ�FKURPDWLFLW\�DQG�HPLWWDQFHV�
� 6LJQLILFDQW�RSWLFV�SHUWXUEDWLRQV��LQFUHDVLQJ�ZLWK�WLPH��
� 5HPDLQLQJ�SK\VLFDO�DSHUWXUH�UHVWULFWLRQV��$���)��
� 0LVDOLJQPHQWV�RI�WKH�EHDP�SLSH

¾ ,W�ZDV�GHFLGHG�WR�FRQFHQWUDWH�RQ�WKH�RUELW�FRUUHFWLRQ�DQG�RQ�WKH�VHDUFK�IRU�WKH�VRXUFHV�RI�WKH�G\QDPLF�DSHUWXUH�OLPLWDWLRQV�UDWKHU�WKDQ�RQ�DWWHPSWV�WR�LQWURGXFH�D�QHZ�LQMHFWLRQ�KHOL[
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6HDUFK�IRU�WKH�RULJLQV�RI�DSHUWXUH�UHVWULFWLRQV6HDUFK�IRU�WKH�RULJLQV�RI�DSHUWXUH�UHVWULFWLRQV
¾ 2UELW�FHQWHULQJ�ZDV�SHUIRUPHG�ZLWK�WKH�KHOS�RI�ORFDO���
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WKH\�SURGXFH�ODUJH�WXQH�YDULDWLRQ�ZLWK�WKH�KRUL]RQWDO�RUELW�
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¾ /LQHDU�RSWLFV�LV�EHLQJ�FKHFNHG�ZLWK�WKH�KHOS�RI�GLIIHUHQFH�
RUELWV��9�/HEHGHY���PD[LPXP�YDOXH�RI�β\ �UHDFKHG�DW�$���SUHVHQWO\�WKH�PRVW�VWULQJHQW�YHUWLFDO�DSHUWXUH�UHVWULFWLRQ���
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6KRUW6KRUW��WHUP�SODQ�IRU�WKH�LQMHFWLRQ�KHOL[WHUP�SODQ�IRU�WKH�LQMHFWLRQ�KHOL[
¾ 7U\�WR�UHGXFH�FXUUHQW�LQ�6��IHHGGRZQ�VH[WXSROHV�� WKH�

VWURQJHVW�QRQOLQHDU�HOHPHQWV�LQ�7HYDWURQ��VHHPV�WR�EH�SRVVLEOH�
¾ ,GHQWLI\�WKH�VRXUFH�RI�DQG�WU\�WR�UHGXFH�WKH�ODUJH��DQG�JURZLQJ���

FKURPDWLFLW\�VSOLW�EHWZHHQ�WKH�SURWRQ�DQG�SEDU�RUELWV�

¾ 0HDVXUH�WKH�RSWLFV�IXQFWLRQV�ZLWK�7%7
¾ 7DLORU�WKH�KHOL[�VR�WKDW�WR�PLQLPL]H�LW�LQ�WKH�UHJLRQV�ZLWK�VWURQJ�

QRQOLQHDU�ILHOGV�RU�OLPLWHG�DSHUWXUH�ZLWKRXW�HQKDQFLQJ�WKH�EHDP�
EHDP�HIIHFW� 7KH�EHVW�VROXWLRQ�HPSOR\LQJ�&��9�VHSDUDWRU�

tuneshifts resonance terms helix Smin 
|'Qx| |'Qy| |R50|�1012 |R07|�1014 

present 5.48   .0028  .0019  1.47    2.82    
“five-star” 6.36   .0020  .0009  1.28    0.88    

 

 06/16/02 06/21/03 
helix Qxc Qyc Qxc Qyc 
proton 7.6 10.8 11.7 8.0 
pbar 3.8 8.8 2.8 9.6 
 

7DEOH����0D[LPXP�EHDP�EHDP WXQHVKLIWV DQG�UHVRQDQFH�GULYLQJ�WHUPV
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6KRUW6KRUW��WHUP�SODQ�IRU�KHOL[�DW�UDPS�	�VTXHH]HWHUP�SODQ�IRU�KHOL[�DW�UDPS�	�VTXHH]H

¾ ,QWURGXFH�QHZ�KHOL[�GHVLJQ�HPSOR\LQJ�%��+��%��+��%��9��&��9��
&��9�VHSDUDWRUV�
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)LJXUH����5DGLDO�VHSDUDWLRQ�XS�WKH�UDPS��OHIW��DQG�GXULQJ�WKH�VTXHH]H�
�ULJKW��ZLWK�WKH�SUHVHQW�KHOL[��UHG�GLDPRQGV��DQG�WKH�QHZ�RQH��EOXH�
VTXDUHV��VWDUWLQJ�IURP�WKH�VDPH�LQMHFWLRQ�KHOL[��5HIHUHQFH HPLWWDQFH
���PP�PUDG�
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6KRUW6KRUW��WHUP�SODQ�IRU�KHOL[�DW�UDPS�	�VTXHH]HWHUP�SODQ�IRU�KHOL[�DW�UDPS�	�VTXHH]H

¾ ,QFUHDVH�VHSDUDWRU�YROWDJHV�DW�VHTXHQFH�����IRUPHU�����RI�
WKH�VTXHH]H��1RZ�WKH�PD[LPXP�YROWDJH�DW�WKLV�VWHS�LV����N9�
ZKHUHDV�LW�FDQ�EH�WHPSRUDULO\�UDLVHG�WR�DW�OHDVW����N9

 

helix step Smin |'Qx|max |'Qy|max |R50|max�1012 |R07|max�1013 

present EoR 3.26 .0066 .0031 2.02 1.45 
 BoS 3.09 .0078 .0031 2.33 2.54 
new EoR 4.46 .0033 .0016 1.07 0.31 
 BoS 4.60 .0045 .0021 1.31 0.51 

7DEOH����0D[LPXP�EHDP�EHDP WXQHVKLIWV DQG�UHVRQDQFH�GULYLQJ�WHUPV�
ZLWK�WKH�SUHVHQW�DQG�QHZ�KHOLFHV��7KH�FRJJLQJ�LV�GLIIHUHQW�DW�WKH�HQG�
RI�UDPS��(R5��DQG�WKH�EHJLQQLQJ�RI�VTXHH]H��%R6��
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/RQJHU/RQJHU��WHUP�RSWLRQVWHUP�RSWLRQV

¾ ,QFUHDVH�EHDP�VHSDUDWLRQ�DW�QHDUHVW�SDUDVLWLF ,3V DW�FROOLVLRQ�
E\�VRPH�����E\��
� XWLOL]LQJ�WKH�VSDFH�RFFXSLHG�E\�WKH�SUHVHQWO\�XQXVHG�4��TXDGV
� LQFUHDVLQJ�EUHDNGRZQ�YROWDJH�E\�FRDWLQJ�WKH�VHSDUDWRU�SODWHV
� LQWURGXFLQJ�PRGHUDWH�FURVVLQJ�DQJOH�RI�±���µUDG
� LQFUHDVLQJ�EXQFK�WR�EXQFK�GLVWDQFH�IURP����WR����5)�EXFNHWV ²
WKLV�FDQ�EH�DFKLHYHG�E\�UHDUUDQJLQJ�WUDQVIHUV�IURP�0,�WR
7HYDWURQ DQG�PRGLILFDWLRQ�RI�0,�DQWLSURWRQ�NLFNHU

¾ (TXLS�DOO�VHSDUDWRUV�ZLWK�SRODULW\�UHYHUVDO�VZLWFKHV��DQG�
FRQGLWLRQ�WKHP�WR�WKH�YROWDJHV���������N9��VR�WKDW�WKH\�FRXOG�
EH�UXQ�DW�KLJKHU�YROWDJHV�GXULQJ�VKRUW�WLPH�RI�DFFHOHUDWLRQ�
DQG�VTXHH]H��


